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Description 

Deformation Element for a Vehicle 

Dashboard 

Field of the Invention 

[0001] The present invention relates to energy absorbing struc- 
tures, and, more specifically, to an energy absorbing de- 
formation element for a motor vehicle dashboard. 
Background of the Invention 

[0002] Present day passenger motor vehicles include a number of 
advanced safety features designed to help protect and/or 
reduce injury to vehicle occupants in the event of a colli- 
sion or upset of the vehicle. One such safety feature is 
known as a knee blocker. Typically, a vehicle includes a 
knee bolster panel which is associated with a dashboard 
and instrument panel within a vehicle passenger compart- 
ment. A knee blocker is installed in an automobile be- 
tween the knee bolster panel and a cross member which 
extends transversely to the longitudinal vehicle direction 
along the width of the dash/instrument panel area. The 



cross member is connected to a vehicle support structure. 
Such a basic arrangement of a knee bolster, knee blocker, 
and cross member within a vehicle, as well as relative to a 
vehicle body support structure in a passenger vehicle is 
well known. In the event of a collision, if a front seat vehi- 
cle occupant is not belted, the knee blocker absorbs at 
least part of the kinetic energy of the unbelted occupant's 
body and knees in order to help reduce injury to the oc- 
cupant. 

[0003] | n the United States, vehicles are required to have such 
energy absorbing knee blockers to help reduce injury to 
unbelted drivers and passengers in the event of a colli- 
sion. However, several other countries, including many 
European countries, have no such requirements because 
vehicle occupants are assumed to be belted. In the United 
States, specific force versus displacement characteristics 
are required for knee blockers. Present day knee blockers 
having the best performance are aluminum alloy extruded 
brackets. The way in which these brackets crush and ab- 
sorb impact energy is predictable and repeatable, which is 
important for an accurate and quick product development 
cycle, as they require significantly less trial, error, and 
testing cycles as compared with other types of knee 



blockers. However, such extruded aluminum brackets are 
relatively expensive, and are thus not favored for high 
volume vehicle manufacture. 
[0004] | n order to help reduce cost, many manufacturers use less 
expensive steel knee blockers. Many of these steel knee 
blockers are made in the shape of an "S," or the bracket 
may simply be a box-shaped stamping commonly referred 
to as "pork chop" brackets. These steel brackets weigh 
more than aluminum brackets due to the difference in 
material, but are selected because of the reduced manu- 
facturing cost. However, such brackets generally do not 
use an optimized geometry, and therefore performance of 
the brackets during impact is not as predictable or re- 
peatable as extruded aluminum brackets. A main reason 
that an optimized geometry is not easily achieved is that 
in order to mimic an aluminum bracket geometry, the 
steel would have to be extruded, which is not generally 
feasible while maintaining a relatively low cost. Such 
brackets are therefore commonly stamped or drawn in 
one piece, which does not generally result in an optimal 
geometry. 

[0005] Accordingly, it would be beneficial to have an inexpensive 
knee blocker which may formed from non-extruded parts 



which are inexpensive to manufacture and have reduced 
material costs compared to aluminum. Furthermore, it 
would be advantageous for such knee blockers to have re- 
peatable and predictable performance, thus reducing de- 
velopment costs by providing an accurate and quick prod- 
uct development cycle. 
Summary of the Invention 

[0006] The present invention provides a deformation element for 
use in a vehicle passenger compartment which is inex- 
pensive to manufacture and assemble, and has a reliable 
and predictable performance. 

[0007] one aspect of the present invention provides an energy 
absorbing structure assembled from a first deformation 
member having a double curved shape with first and sec- 
ond opposing radii of curvature in the direction of a de- 
formation axis, and a second deformation member having 
a substantially identical shape as the first deformation 
member. The first and second deformation members are 
interconnected such that the first and second deformation 
members intersect to define first and second deformation 
cavities between the deformation members. Upon the ap- 
plication of a load in the direction of the deformation axis, 
at least one of the deformation cavities becomes closed, 



absorbing energy from the load. The deformation mem- 
bers include a plurality of engagement slots. The engage- 
ment slots of each deformation member slidably engage 
with engagement slots of the other deformation member 
allowing the deformation members to substantially com- 
pletely overlap. 

[0008] | n another aspect of the invention, a two stage deforma- 
tion element is provided, where the first deformation cav- 
ity is operable to close upon the application of a first load 
in the direction of the deformation axis, and both the first 
and second deformation cavities are operable to close 
upon the application of a second load in the direction of 
the deformation axis, wherein the second load is greater 
than the first load. In one embodiment, the first and sec- 
ond deformation members include a first flange along the 
first radius of curvature and a second flange along the 
second radius of curvature. A height of the first flange is 
greater than a height of the second flange, resulting in the 
deformation cavity associated with the first flange requir- 
ing a larger load in order to collapse. The height of the 
first and second flanges may be selected based on load 
requirements for the deformation element. 

[0009] The foregoing and other features, utilities and advantages 



of the invention will be apparent from the following more 

particular description of a preferred embodiment of the 

invention as illustrated in the accompanying drawings. 
Brief Description of the Drawings 

[0010] pig. 1 is a perspective illustration of a deformation ele- 
ment of an embodiment of the present invention; 

[0011] Fig. 2 is an exploded perspective illustration of the en- 
gagement of first and second deformation members ac- 
cording to an embodiment of the present invention; 

[0012] Fig. 3 is a cross section illustration of a deformation 
member of an embodiment of the present invention; 

[0013] Fig. 4 is a cross section illustration of a deformation ele- 
ment of an embodiment of the present invention; 

[0014] Fig. 5 is a side elevation view of a deformation element of 
an embodiment of the present invention; 

[0015] Fig. 6 is a cross section illustration of a lever arm of a de- 
formation member taken along section C-C of Fig. 5; 

[0016] Fig. 7 is a cross section illustration of a lever arm of a de- 
formation member taken along section B-B of Fig. 5; 

[0017] Fig. 8 is a cross section illustration of a deformation ele- 
ment of another embodiment of the present invention; 
and 

[0018] Fig. 9 is a cross section illustration of a four-member de- 



formation element of another embodiment of the present 

invention. 
Detailed Description 



[0019] a deformation element, according to an embodiment of 
the invention as illustrated in Figs. 1-7, is integrated as a 
knee blocker into a passenger vehicle. A knee bolster, as 
described above, is associated with the knee blocker and 
located generally beneath a dashboard/instrument panel 
in the passenger area of a vehicle. Because the basic ar- 
rangement of a knee bolster, knee blocker, and cross 
member within a vehicle, as well as relative to a vehicle 
body support structure, is known, the drawings do not il- 
lustrate any details in this respect. 

[0020] Referring to Fig. 1, a deformation element of an embodi- 
ment of the present invention is described. The deforma- 
tion element 20 has a first end 24 and a second end 28. 
Between the first end 24 and second end 28 is a first de- 
formation cavity 32 and a second deformation cavity 36. 
The first end 24 of the deformation element 20, in an em- 
bodiment, is attached to a cross member (not shown) 
within a passenger vehicle, and the second end 28 is 
mounted to a knee bolster (not shown). As is well under- 
stood in the art, a knee bolster is generally arranged to 



transmit force applied to one or more areas of the knee 
bolster to underlying components supporting the knee 
bolster, in the present example, one or more deformation 
elements. In the event of a vehicle collision, if a vehicle 
occupant hits the knee bolster, the force of the impact will 
be transmitted to the deformation element(s) 20. The 
function of the deformation element(s) 20 in such a case 
is to absorb the kinetic energy of the vehicle occupant, 
and will be described in more detail below. While this em- 
bodiment is described with respect to a knee blocker, it 
will be understood that numerous other applications are 
available for such a deformation element, including, for 
example, use in a vehicle bumper assembly to absorb en- 
ergy from a vehicle collision, use in a seat belt assembly 
to reduce the amount of force between a seat belt and a 
vehicle occupant in the event of a vehicle collision, and in 
military applications to reduce the impact force on a sup- 
ply container when dropping such a container from an air- 
craft. 

[0021] Th e deformation element 20 has mounting flanges 40 lo- 
cated at the first end 24, and mounting flanges 44 located 
at the second end. The mounting flanges 40, 44 are used 
to secure the deformation element 20 to the cross mem- 



ber, and the knee bolster to the deformation element 20, 
respectively. The mounting flanges 40, 44 may have holes 
to facilitate mounting with hardware such as a bolt, or 
may have a continuous surface for securement using ad- 
hesives, welds, or any other appropriate securement 
methods. In one embodiment, the mounting flanges 40, 
44 have a preselected size suitable for engagement with a 
corresponding cavity or slot on a knee bolster or cross 
member. In this manner, the deformation element 20 may 
be secured by slidably engaging the mounting flanges to 
the appropriate slots. The orientation of the mounting 
flanges 40, 44 relative to the deformation element may be 
adjusted as required for a specific application. 
[0022] Referring now to Fig. 2, the deformation element 20 is 
formed from a first deformation member 48, and a sec- 
ond deformation member 52. The first and second defor- 
mation members 48, 52 have substantially identical 
shapes with a double curve structure. Each of the first and 
second deformation members 48, 52 has several engage- 
ment slots 56 which extend approximately half of the 
width of the deformation members 48, 52. When the de- 
formation members 48, 52 are arranged such that the 
curves oppose one another, the engagement slots 56 may 



be aligned, as illustrated in Fig. 2. The first deformation 
member 48 and second deformation member 52 may be 
slidably engaged such that the engagement slots 56 en- 
gage with one another and the deformation members 48, 
52 form the deformation element 20. When the first and 
second deformation members 48, 52 are engaged, they 
substantially completely overlap to form the deformation 
element. In one embodiment, the deformation members 
48, 52 are secured after engagement with a spot weld, 
crimp, or clip to help ensure that the deformation mem- 
bers 48, 52 remain connected during shipment of the de- 
formation element, or in the case where attachment 
methods in the vehicle do not fix in place both deforma- 
tion members. Additionally, in an embodiment, the en- 
gagement slots 56 are positioned such that one of the de- 
formation members 48, 52 must be slightly compressed 
in order to slidably engage the other deformation mem- 
ber, thus creating tension or compression forces between 
the members which may be desirable in order to keep the 
members from easily sliding apart. 
[0023] with reference now to Fig. 3, a cross-sectional illustration 
of the first deformation element 48 is now described. As 
mentioned above, the first and second deformation mem- 



bers 48, 52 have substantially identical shapes, and the 
description of the first deformation member 48 also ap- 
plies to the second deformation member 52. The first de- 
formation member 48, as mentioned previously, has a 
mounting flange 44, which is connected to an upper lever 
arm 56. The upper lever arm 56 joins with an upper curve 
60. The upper curve 60 is in turn connected to an upper 
middle lever arm 64. The upper middle lever arm 64 is 
connected to a lower middle lever arm 66. The upper 
middle lever arm 64, and lower middle lever arm 66 are 
divided at midpoint 68, which also corresponds to a point 
where an engagement slot 56 is formed in the deforma- 
tion member 48. The lower middle lever arm 66 connects 
to a lower curve 72, and then to a lower lever arm 76. The 
lower lever arm 76 is then connected to mounting flange 
40. In the embodiment illustrated, each of the lever arms 
is designed to have a specified length, with upper lever 
arm 56 having a length A, the upper middle lever arm 
having a length B, the lower middle lever arm having a 
length C, and the lower lever arm having a length D. In 
this embodiment, the lengths A and B are approximately 
equal, and the lengths C and D are approximately equal, 
with A being larger than C. However, it will be understood 



that each of the various lever arms may have a length rel- 
ative to the other lever arms which is different than illus- 
trated in Fig. 3, depending upon the application and de- 
formation characteristics required. Engagement slots, not 
shown in the illustration of Fig. 3, are located at midpoint 
68, near the top of the upper lever arm 56 adjacent to 
mounting flange 44, and near the bottom of the lower 
lever arm 76 adjacent to mounting flange 40. More or less 
slots located in these or other positions are possible. 
[0024] Referring now to Fig. 4, a cross section of the deformation 
element 20 is now described. The deformation element 
20, as mentioned previously, is assembled from two de- 
formation members 48, 52 having a substantially identical 
shape and which are arranged in an opposing relationship 
to form the first and second deformation cavities 32, 36. 
The deformation element 20 has a deformation axis Z, 
along which the first and second deformation cavities 32, 
36 will collapse upon the application of a sufficient load in 
the direction of the deformation axis Z. As described with 
reference to Fig. 3, the lengths A and B are approximately 
equal, and the lengths C and D are approximately equal. 
This arrangement provides, when the first deformation 
member 48 is engaged with the second deformation 



member 52, the first deformation cavity 32 and the sec- 
ond deformation cavity 36. The first deformation cavity 32 
has a generally diamond shape having a height E and a 
width F. Similarly, the second deformation cavity 36 has a 
generally diamond shape having a height G and a width H. 
As mentioned above with reference to Fig. 3, in this em- 
bodiment, the length A is greater than the length C, re- 
sulting in the first deformation cavity 32 being larger than 
the second deformation cavity 36. In this embodiment, 
the angle between the upper lever arm 56 and the middle 
lever arm 64 is designated as a, and the angle between 
the middle lever arm 64 and the lower lever arm 76 is 
designated as p. In the embodiment illustrated, the angles 
a and P are substantially equal. Thus, the length E is 
greater than the length G, and the length F is greater than 
the length H. As a result, the upper curve 60 has a radius 
of curvature which is smaller than the radius of curvature 
of the lower curve 72. As will be understood, the relative 
lengths of the various lever arms may be adjusted to ac- 
commodate required deformation characteristics which 
may result in different relative sizes of the first and sec- 
ond deformation cavities. 
[0025] with the deformation members 48, 52 manufactured in 



such a manner, and the deformation element 20 assem- 
bled from the deformation members, several important 
characteristics are now described. The first deformation 
cavity 32, upon the application of a load in the direction 
of the deformation axis Z will collapse before the second 
deformation cavity 36. This results from the upper lever 
arms 56 and upper middle lever arms 64, having a longer 
length than the lower lever arms 76, and the lower middle 
lever arms. The increased length of the upper lever arms 
56 results in a longer lever arm applying force to the up- 
per curve 60. Furthermore, as described above, the radius 
of curvature for the upper curve 60 is smaller than the ra- 
dius of curvature of the lower curve 72, creating the upper 
deformation cavity 32 which will collapse before the lower 
deformation cavity 36. The lower deformation cavity 36, 
relative to the upper deformation cavity 32, has both 
shorter lever arms and a larger radius of curvature for the 
lower curve 72. Thus, in order to collapse both the first 
and second deformation cavities 32, 36, a greater load is 
required than to collapse only the first deformation cavity 
32. Thus, the deformation element 20 of this embodiment 
will collapse in two stages upon the application of a suffi- 
cient load in the direction of the deformation axis Z. The 



first deformation cavity 32 will collapse initially, and if a 
sufficient load is applied, the second deformation cavity 
36 will also collapse. In one embodiment, the dimensions 
of the first deformation cavity 32 are selected such that it 
will collapse upon the application of a load which will be 
applied by a vehicle occupant having a relatively small 
weight, such as a 5th percentile adult. The dimensions of 
the second deformation cavity 36 are selected such that, 
after the first deformation cavity 32 collapses, the second 
deformation cavity 36 will collapse only upon the applica- 
tion of a load which would typically be applied by a vehicle 
occupant having a relatively large weight, such as a 95th 
percentile adult. 

[0026] Referring now to Fig. 5, a side elevation view of the defor- 
mation element 20 is illustrated. The deformation element 
20, as described above, is formed by slidably interlocking 
the first deformation member 48, and the second defor- 
mation member 52. In one embodiment, each deforma- 
tion member 48, 52 is formed from a stamped piece of 
steel which is zinc pre-plated 80KSI steel. It will be readily 
understood by one of skill in the art that any number of 
different types of steel, and different materials altogether, 
may be used to form the deformation members 48, 52. In 



this embodiment, each deformation member 48, 52 also 
has an upper flange 80 extending along each side of the 
upper lever arm 56, first curve 60, and upper middle lever 
arm 64. Furthermore, a lower flange 84 extending along 
each side of the lower middle lever arm 66, second curve 
72, and the lower lever arm 76. The upper flange 80 ex- 
tends in an opposite direction as the lower flange 84, in 
order to have the flanges 80, 84 extend outwardly from 
the deformation element 20 when the first and second 
deformation members 48, 52 are interlocked. In other 
embodiments, the deformation element 20 may not have 
any flanges, may have flanges only associated with one of 
the deformation cavities, or may have flanges associated 
with only one of the deformation members. 

[0027] | n one embodiment, the width of the upper lever arm 56, 
first curve 60, and upper middle lever arm 64 is selected 
to be smaller than the width of the lower middle lever arm 
66, second curve 72, and the lower lever arm 76. In this 
fashion, when the deformation cavities 32, 36 collapse, 
the upper middle lever arm 64 will nest within the lower 
middle lever arm 66. 

[0028] Figures 6 and 7 illustrate cross sections of the deforma- 
tion members. Fig. 6 is a cross-sectional illustration taken 



along section C-C of the upper middle lever arm 64 of 
Fig. 5. Fig. 7 is a cross-sectional illustration taken along 
section B-B of the lower lever arm 76 of Fig. 5. Referring 
to Fig. 6, the deformation member 48 has an upper flange 
80 which extends an upper flange height J from the base, 
at an angle 8. Referring to Fig. 7, the deformation member 
52 has a lower flange 84 which extends a lower flange 
height K from the base at an angle O. In one embodiment, 
the angles 8 and O are about equal, and the lower flange 
height K is greater than the upper flange height J. The 
flange height may be adjusted in order to increase or de- 
crease the amount of force required to collapse the re- 
spective deformation cavity. For example, if it is desired 
that a relatively large force be required to collapse the de- 
formation member, both the upper flange height and the 
lower flange height may be increased, resulting in a rela- 
tively large amount of force being required to collapse the 
deformation element. Similarly, it may be desired to have 
a first stage which collapses with relatively little force, and 
a second stage which collapses with a relatively large 
force. Such a configuration is utilized in the embodiment 
of Figs. 5-7, where the lower flange height K is greater 
than the upper flange height J. This, combined with the 



shorter lever arms associated with the second deforma- 
tion cavity, results in the second deformation cavity 36 re- 
quiring a greater amount of force to collapse than the first 
deformation cavity 32. 

[0029] a deformation element may thus be designed with a very 
predictable performance, and may be designed to operate 
in various stages designed to collapse sequentially upon 
the application of a large enough force along an axis of 
deformation. Furthermore, a deformation element of the 
present invention may also be designed with more than 
two stages, or with only one stage. In an embodiment, two 
deformation members may be designed each having a 
single radius of curvature, such that when the members 
are interconnected, a single deformation cavity is present. 
A deformation element, in one embodiment, is designed 
with three deformation cavities, assembled from two de- 
formation members each having a substantially identical 
shape and having a triple curve structure. Likewise, four 
or more stages could be used. 

[0030] Similarly, each deformation element may have a different 
shape, with each member having interlocking engagement 
slots which are aligned. An example of such a deforma- 
tion element 100 is illustrated in Fig. 8. In this embodi- 



ment, the deformation element 100 is formed from two 
interlocking deformation members 104, 108 which each 
have a different shape. Deformation member 104 has, in 
this embodiment, a curved shape. Deformation member 
108 has, in this embodiment, a generally piecewise linear 
shape. Each of the deformation members 104, 108 in- 
clude engagement slots which are approximately aligned 
in order to allow the deformation members 104, 108 to 
slidably interconnect. It will be understood that numerous 
other configurations are possible, with deformation ele- 
ments having various shapes. For example, substantially 
different shapes of deformation members may be selected 
where packaging space is limited and one deformation 
member is designed having a different shape in order to 
fit in the limited space. Additionally, mounting schemes 
may require substantial differences in shape, bend angles, 
and hole patterns of deformation member mounting tabs. 
[0031] | n another embodiment, more than two deformation 

members are used to form a deformation element. In this 
embodiment, illustrated in Fig. 9, a deformation element 
150 is formed from four interlocking deformation mem- 
bers 154, 158, 162, and 166. Each of the deformation 
members 154, 158, 162, 166 include engagement slots 



which are approximately aligned in order to allow the de- 
formation members 154, 158, 162, 166 to slidably inter- 
connect and from deformation element 150. In this man- 
ner, numerous deformation cavities are present which are 
capable of collapsing in a concurrent or sequential man- 
ner, depending upon various factors similar to those de- 
scribed above. 

[0032] Deformation elements as described herein are, in an em- 
bodiment, assembled from stamped steel deformation 
members, which provide predictable, repeatable, and reli- 
able deformation characteristics, and are relatively 
straightforward to design and manufacture. Such an ele- 
ment may be used in a design having a short development 
cycle. Furthermore, the element is relatively inexpensive 
to manufacture, as the members are stamped, rather than 
extruded, and may be made of steel, rather than a more 
expensive material, such as aluminum. The elements, in 
embodiments where the shapes of the elements are sub- 
stantially identical, may be stamped using a single form, 
rather than requiring more than one stamping form. Addi- 
tionally, the weight of the deformation element of the 
present invention is not significantly greater than a defor- 
mation member formed from aluminum. The weight of the 



deformation element may be further reduced in an em- 
bodiment by forming holes in the deformation members 
in areas where the members will not be deformed. 
Namely, such holes may be made in the lever arm areas, 
which reduces weight and material costs while not signifi- 
cantly affecting deformation characteristics of the assem- 
bled deformation element. 
[0033] while the cavities illustrated in the drawing figures are 

generally diamond shaped, other shapes may also be uti- 
lized. For example, other geometric shapes may include 
generally circular deformation cavities, generally hexago- 
nal cavities, and generally octagonal cavities, to name a 
few. 

[0034] | n y e t another embodiment, following the assembly of the 
deformation members into the deformation element, the 
deformation cavities may be filled with material. Such ma- 
terial may act to further absorb energy during an impact 
which deforms the deformation element. Such material 
may include, for example, foam, or other deformable ma- 
terial as required for a particular application in which the 
deformation element will be used. 

[0035] a deformation member, as described herein and as will be 
readily apparent to one of skill in the art, provides a great 



deal of design flexibility. Variables such as material thick- 
ness, material width, material strength, flange or no 
flange, flange height, relative flange height in multiple 
cavity designs, flange angles, number of deformation cav- 
ities, and relative sizes and shapes of deformation cavities 
in combination with all of the previously mentioned vari- 
ables allow for a very flexible and tunable design for a va- 
riety of energy absorption applications. 
[0036] Furthermore, as is apparent from this design flexibility, a 
description of all of the possible deformation element de- 
signs is not practical. Accordingly, while the invention has 
been particularly shown and described with reference to a 
preferred embodiment thereof, it will be understood by 
those skilled in the art that various other changes in the 
form and details may be made without departing from the 
spirit and scope of the invention. 



